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EHQ|WLJW 8 8 8DWDF XQG 8DWDF ELOGHQ GLH IXQNWLRQVDQDORJHQ VQ513V ZHOFKH IU


























FRQWDLQV ¿YH VPDOO QXFOHDU ULERQXFOHRSURWHLQ FRPSOH[HV VQ513V DQG RYHU  SURWHLQ
IDFWRUV7KHUHDUHWZRW\SHVRILQWURQVWKHPDMRUDQGWKHPLQRUW\SHWKDWDUHH[FLVHGE\WZR
GLIIHUHQWVSOLFHRVRPHVDVVHPEOHGE\WZRGLVWLQFWVHWVRIVQ513V888DQG8VQ513V
DUH UHTXLUHG IRU VSOLFLQJ RI WKHPDMRUW\SH LQWURQV888DWDF DQG8DWDF DUH WKHLU
FRUUHVSRQGLQJFRXQWHUSDUWVLQYROYHGLQPLQRUW\SHLQWURQVSOLFLQJ8VQ513LVFRPPRQIRU
ERWK VSOLFHRVRPHV8 DQG8 VQ51$V HQWHU WKH VSOLFHRVRPH LQ WKH IRUPRI WKH888
WULVQ513 LQZKLFK WKH\DUHH[WHQVLYHO\EDVHSDLUHG$IWHU VSOLFLQJ8DQG8DUH UHOHDVHG
DVVLQJXODUVQ513V,QRUGHUWRUHVWRUHWKHWULVQ513WKDWFDQSDUWLFLSDWHLQDQRWKHUURXQGRI






WR WKHPDMRU88KRZHYHU LW LV DVVRFLDWHGRQO\DWEDFNJURXQG OHYHOVZLWK8DWDF8DWDF
VQ513,QWHUHVWLQJO\88DQG8DWDF8DWDFK\EULGVFDQEHDOVRGLVUXSWHGLQGHSHQGHQWO\RI
VSOLFLQJLQYLWUR7KLVSURFHVVPD\SURYLGHDPHFKDQLVPWRFRQWUROVSOLFLQJUDWHVLQYLYR
7KH VHTXHQFH HOHPHQWV RI 8 DQG 8DWDF VQ51$ UHTXLUHG IRU LQWHUDFWLRQ ZLWK S ZHUH
LGHQWL¿HG8 QXFOHRWLGHV  WR  DQG8DWDF QXFOHRWLGHV  WR  DUH VXI¿FLHQW IRU S
ELQGLQJ7KHVHUHJLRQVDUHWKHPRVWKLJKO\FRQVHUYHGEHWZHHQ8DQG8DWDF
)LQDOO\VLQJXODU8VQ513ZDVSXUL¿HGIURP+H/D6H[WUDFW,WFRQWDLQHGDQRYHOSURWHLQ
































































7KH ¶ WULSKRVSKDWH RI WKH SUHP51$ LV ¿UVW VKRUWHQHG WR GLSKRVSKDWH DQG WKHQ *03 LV
WUDQVIHUUHG JHQHUDWLQJ DQ XQXVXDO WULSKRVSKDWH OLQNDJH*¶SSS¶17KH JXDQLQH EDVH LV
VXEVHTXHQWO\PHWK\ODWHGDWLWV1SRVLWLRQUHYLHZHGLQ6KXPDQDQG6FKZHU7KHFDS































VXEXQLW RI 51$ SRO\PHUDVH ,, UHYLHZHG LQ0DQOH\  5RVRQLQD DQG%OHQFRZH 
)DFWRUVLQYROYHGLQFDSSLQJDQG¶HQGSRO\DGHQ\ODWLRQDUHUHFUXLWHGE\WKH&7'WRSUHP51$
GXULQJ WUDQVFULSWLRQ 6KDWNLQ DQG0DQOH\ $QXPEHU RI SURWHLQV FDOOHG65OLNH&7'
DVVRFLDWHGIDFWRUV6&$)VFRQWDLQD&7'LQWHUDFWLQJGRPDLQDVZHOODVDQ56GRPDLQ<XU\HY
HW DO  ,W LV EHOLHYHG WKDW WKHVHSURWHLQV FDQ UHFUXLW VSOLFLQJ IDFWRUV WR WKH WUDQVFULELQJ


























































DOVR LQ VRPHRI WKH W51$JHQHVRI(XNDU\RWD DQG$UFKDHDPRVW IUHTXHQWO\ LQWHUUXSWLQJ WKH
DQWLFRGRQORRS7KHVHLQWURQVDUHVKRUW±W\SLFDOO\EHWZHHQDQGQXFOHRWLGHVDQGDUHVSOLFHG
,QWURGXFWLRQ




7KHQ WKH WZR KDOIW51$PROHFXOHV DUH OLJDWHG E\ W51$ OLJDVH 7KH UHDFWLRQ LV FDUULHG RXW
WKURXJK WKHIROORZLQJPHFKDQLVP WKH¶F\FOLFSKRVSKDWH LVK\GURO\]HG WR¶SKRVSKDWHDQG
¶K\GUR[\OJURXS WKHQ WKH¶ HQG LVSKRVSKRU\ODWHGE\*73$03 LV WUDQVIHUUHG WR WKH¶
SKRVSKDWHIRUPDWLRQRIWKH¶¶SKRVSKRGLHVWHUERQGSURFHHGVDQG$03LVUHOHDVHG
)LQDOO\ WKH UHPDLQLQJ ¶SKRVSKDWH LV UHPRYHG E\ DQ 1$'GHSHQGHQW SKRVSKRWUDQVIHUDVH
ZKLFKJHQHUDWHVWKHXQXVXDO$'3ULERVH´´F\FOLFSKRVSKDWH
3UHP51$VSOLFLQJ





QXFOHRWLGHV 'HXWVFKDQG/RQJ+RZHYHU WKHUHDUH LQWURQV WKDW VSDQKXQGUHGVRI
WKRXVDQGQXFOHRWLGHV,QDYHUDJHWKHUHDUHLQWURQVSHUKXPDQSURWHLQHQFRGLQJJHQH7KH








7KHUHDUH WKUHHVHTXHQFHHOHPHQWV DW WKH¶DQG¶VSOLFHVLWHVDQG WKHEUDQFKVLWH )LJXUH
  WKDWPDUN WKH LQWURQV DQGDUH HVVHQWLDO IRU WKHLU UHPRYDO 5HHGDQG3DODQGMLDQ


















$Q LQWHUHVWLQJH[FHSWLRQ LV WKHEXGGLQJ\HDVW6DFFKDURP\FHVFHUHYLVLDH'XH WR WKHPDVVLYH






















































































































































































DO5XVNLQHWDO ,QLWLDOO\DQXFOHRSKLOLFDWWDFNRI WKH¶K\GUR[\OJURXSRI WKH
EUDQFKSRLQWDGHQRVLQHDWWKHSKRVSKRGLHVWHUERQGRIWKH¶VSOLFHVLWHOHDGVWRLWVFOHDYDJH$V
DUHVXOWD¶¶SKRVSKRGLHVWHUERQGIRUPVEHWZHHQWKHEUDQFKSRLQWDGHQRVLQHDQGWKHWHUPLQDO





DUH WZR GLVWLQFW VSOLFHRVRPHV LQYROYHG LQ WKH UHPRYDO RI LQWURQV 7KH VSOLFHRVRPH FRQVLVWV
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$OORI WKH65SURWHLQ IDPLO\PHPEHUVKDYHEHHQVKRZQ WRDFWLYDWHVSOLFLQJ LQYLWUR6HYHUDO
GLVWLQFW PHFKDQLVPV RI WKHLU DFWLRQ KDYH EHHQ SURSRVHG EXW SHUKDSV WKH EHVWFKDUDFWHUL]HG
IXQFWLRQRIWKH65SURWHLQVLVWRUHFRJQL]H(6(V/LXHWDO/LXHWDODQGWREULGJH
H[RQV DQG VSOLFHRVRPH FRPSRQHQWV %OHQFRZHHW DO (SHURQHW DO  -DPLVRQHW
DO.RKW]HWDO/LXHWDO/LXHWDO7DUQDQG6WHLW]=DKOHU
DQG5RWK(6(VHTXHQFHVUHFRJQL]HGE\WKH65DQG65OLNHSURWHLQVDUHVKRUWWR





IDFWRUV7KHELQGLQJRI WKHKQ513SURWHLQV WR51$VKRZV VRPHVHTXHQFHSUHIHUHQFHZKLFK
FRXOGVHUYHWRµSKDVH¶WKHSDFNDJLQJRIWKHSUHP51$KQ513SURWHLQVLQJHQHUDODQWDJRQL]H


















7KHUHDUH WKUHH VWDJHVRI WKHFDWDO\WLF H[FLVLRQRISUHP51$ LQWURQV )LJXUH)LUVW WKH
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7KH$ FRPSOH[ SURJUHVVHV WR % FRPSOH[ ZKHQ WKH ODUJH SUHDVVHPEOHG 888 VQ513
DOVRNQRZQDVWKHWULVQ513HQWHUVWKHVSOLFHRVRPH,QWKHWULVQ5138DQG8VQ51$DUH






















































































LV IRUPHG*HQHWLF VWXGLHV LQ \HDVW LGHQWL¿HG 3US D'([+' ER[ KHOLFDVH WRPHGLDWH WKH
H[FKDQJHRI8E\8DWWKH¶VSOLFHVLWH6WDOH\DQG*XWKULH6HFRQGWKH88GXSOH[
LVGLVUXSWHGE\DQRWKHUKHOLFDVH  WKH8VSHFL¿F.SURWHLQ %UUDQG8VQ513 OHDYHV





D UHDUUDQJHPHQW RI WKH ¶ VSOLFH VLWH8 GXSOH[ DQG GHVWDELOL]DWLRQ RI WKH8VSHFL¿F /6P
KHSWDPHUZKLFKDOVROHDYHVWKHVSOLFHRVRPH












,QDGGLWLRQD0J LRQ LVEHOLHYHG WREH LQYROYHG LQFDWDO\VLVFRRUGLQDWLQJKLJKO\FRQVHUYHG
QXFOHRWLGHVLQWKH8VQ51$
,QWHUHVWLQJO\DQDEXQGDQW888VQ513FRPSOH[LVIRXQGLQ6FKL]RVDFFKDURP\FHVSRPEH












)LQDOO\ WKH UHOHDVHG VQ513 DUH UHF\FOHG WR FRPSOH[HV WKDW DUH DEOH UHHQWHU WKH VSOLFHRVRPH
F\FOH
7KHUHF\FOLQJVWHSRIWKHVSOLFHRVRPHF\FOH
$V LW KDV EHHQ GLVFXVVHG DERYH DIWHU LQWURQ H[FLVLRQ WKH VSOLFHRVRPDO VQ513V DUH UHOHDVHG
DVFRPSOH[HVWKDWDUHQRWDEOHWRSDUWLFLSDWHGLUHFWO\LQDVVHPEO\RIDQRWKHUVSOLFHRVRPH7KH














IRU WULVQ513IRUPDWLRQ*RODVHWDO0DNDURYDHWDO3ULRU WRWKDW WKH88
KHWHURGXSOH[QHHGVWREHUHVWRUHG
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8 DQG 8W\SH LQWURQV DUH OLNHO\ GHULYHG IURP D FRPPRQ DQFHVWRU DQG KDYH HLWKHU FR
GLYHUJHGZLWKLQWKHVDPHKRVWRUKDYHHYROYHGLQGHSHQGHQWO\DQGODWHUZHUHEURXJKWWRJHWKHU
DVDUHVXOWRIPHUJLQJRIJHQHWLFPDWHULDO(YLGHQFHLQIDYRXURIWKDWK\SRWKHVLVFDPHIURPWKH
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)LJXUH  7\SHV RI
DOWHUQDWLYHVSOLFLQJ
7KH FRQVWLWXWLYH H[RQV
DUH UHSUHVHQWHG E\ RSHQ
ER[HV WKH DOWHUQDWLYH
H[RQV E\ EODFN ER[HV
7KHLQWURQVDUHVKRZQDV
EODFN OLQHV ,Q HDFK FDVH
WKH DOWHUQDWLYH VSOLFLQJ
HYHQWV DUH LQGLFDWHG E\
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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  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
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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 
,QWURGXFWLRQ
$VXEVWDQWLDOSDUWRIWKHDOWHUQDWLYHO\VSOLFHGH[RQVVKRZWLVVXHRUFHOOW\SHVSHFL¿FSDWWHUQV
RI H[SUHVVLRQ 6WDPP HW DO  DQGRU DUH UHJXODWHG GXULQJ GHYHORSPHQW RU LQ UHVSRQVH








































RI VQ513ELRJHQHVLV7KHLU51$FRPSRQHQWVDUH WUDQVFULEHGE\51$SRO\PHUDVH ,, DVSUH
VQ51$V7KHVHWUDQVFULSWVUHFHLYHDQP*FDSDQGDUHH[SRUWHGE\D8VQ51$VSHFL¿FH[SRUW
FRPSOH[ 2KQR HW DO  ,Q WKH F\WRSODVP D FRPSOH[ RI VHYHQ 6P SURWHLQV LV EHLQJ














DUHPRGL¿HG DW IHZHU SRVLWLRQV WKDQ WKHLUPDMRU FODVV FRXQWHUSDUWV 0DVVHQHW DQG %UDQODQW










$FKVHOHWDO 9LGDOHWDO $WSUHVHQW WKHUH LVQR LQGLFDWLRQ WKDW WKH/6PFRUH
DVVHPEO\LVDVVLVWHGLQDZD\OLNHWKH601FRPSOH[GRHVIRUWKH6PFRUH
7KH¶HQG8VQ51$LVSURFHVVHGDQGPRGL¿HG)RXU WHUPLQDOXULGLQHVDUHHQFRGHGE\ WKH








SKRVSKDWH7KH/D SURWHLQ LV QRW DVVRFLDWHGZLWK WKH F\FOLF SKRVSKDWHFRQWDLQLQJ IUDFWLRQ RI
87HUQVHWDO7KHUHIRUHEORFNLQJRIWKH¶WHUPLQDOK\GUR[\OJURXSVPLJKWEHDVLJQDO
























$FHWLFDFLG       5RWK*HUPDQ\
$FHWRQH       5RWK*HUPDQ\
$FHWRQLWULOH       0HUFN*HUPDQ\
$FU\ODPLGH       %LR5DG86$
$FU\ODPLGHELVDFU\ODPLGH   5RWK*HUPDQ\
$FU\ODPLGHELVDFU\ODPLGH    5RWK*HUPDQ\
$JDURVHXOWUDSXUH      5RWK*HUPDQ\
$PPRQLXPSHUVXOIDWH     %LR5DG86$
$PSLFLOOLQ       5RFKH*HUPDQ\
$SURWLQLQ       5RFKH*HUPDQ\
%DFWRDJDU       'LIFR/DE86$
%DFWRWU\SWRQH      'LIFR/DE86$
%DFWR\HDVWH[WUDFW      'LIFR/DE86$
%LVDFU\ODPLGH      6LJPD86$
%ORFNLQJUHDJHQWIRUQXFOHLFDFLG
K\EULGL]DWLRQDQGGHWHFWLRQ     5RFKH*HUPDQ\
%RULFDFLG       0HUFN*HUPDQ\
%RYLQHVHUXPDOEXPLQ%6$51DVHIUHH   5RFKH*UPDQ\
%URPRSKHQRO%OXH      0HUFN*HUPDQ\
&DOFLXPFKORULGHGLK\GUDWH     0HUFN*HUPDQ\
&KORURIRUP       0HUFN*HUPDQ\
&RRPDVVLHEULOOLDQWEOXH5    0HUFN*HUPDQ\
&UHDWLQHSKRVSKDWH      5RFKH*HUPDQ\
&U\VWDOYLROHW       6LJPD86$
'LPHWK\OVXOSKR[LGH'062    0HUFN*HUPDQ\
'LPHWK\OS\URFDUERQDWH'03&    6LJPD86$
'LVRGLXPK\GURJHQSKRVSKDWHGLK\GUDWH1D+32+2 0HUFN*HUPDQ\
'LWKLRWUHLWRO'77      5RFKH*HUPDQ\
(WKDQRO      5RWK*HUPDQ\
(WKLGLXPEURPLGH      5RFKH*HUPDQ\
(WK\OHQHGLDPLQHWHWUDDFHWLFDFLG('7$   6LJPD86$
)RUPDOGHK\GH      6LJPD86$
)RUPDPLGH       5RWK*HUPDQ\
*OXFRVHDQK\GURXVFHOOFXOWXUHWHVWHG   6LJPD86$
*O\FHURO!      5RWK*HUPDQ\
*O\FLQH       5RWK*HUPDQ\
*O\FRJHQ       5RFKH*HUPDQ\
*XDQLGLQLXPLVRWKLRF\DQDWH     6LJPD86$
PHWK\OJXDQRVLQH      6LJPD86$
+\GURFKORULFDFLG      5RWK*HUPDQ\
,VRDP\ODOFRKRO      5RWK*HUPDQ\
,VRSURSDQRO       5RWK*HUPDQ\
.DQDP\FLQ       5RFKH*HUPDQ\ 
/HXSHSWLQ       5RFKH*HUPDQ\
0DJQHVLXPFKORULGH      0HUFN*HUPDQ\

EPHUFDSWRHWKDQRO      %LR5DG86$
0HWKDQRO       5RWK*HUPDQ\
1K\GUR[\HWK\OSLSHUD]LQH+(3(6   6LJPD86$
111¶1¶WHWUDPHWK\OHWK\OHQHGLDPLQH7(0('  %LR5DG86$
1RQLGHW313     6LJPD86$
3KHQ\OPHWK\OVXOIRQ\OÀXRULGH306)   6LJPD86$
3RO\R[\HWK\OHQHVRUELWHQPRQRODXUDWH7ZHHQ  6LJPD86$
3RO\YLQ\ODOFRKRO      0HUFN*HUPDQ\
3RWDVVLXPFKORULGH      0HUFN*HUPDQ\
5RWL%ORFN       5RWK*HUPDQ\
5RWL%OXH       5RWK*HUPDQ\
5RWLSKHQRO       5RWK*HUPDQ\
5RWLSKHQROFKORURIRUP     5RWK*HUPDQ\
6LOYHUQLWUDWH$J12     6LJPD86$
6RGLXPDFHWDWH      0HUFN*HUPDQ\
6RGLXPD]LGH       6LJPD86$
6RGLXPFDUERQDWHK\GUDWH1D&2+  5RWK*HUPDQ\
6RGLXPFKORULGH      5RWK*HUPDQ\
6RGLXPFLWUDWH      0HUFN*HUPDQ\
6RGLXPGLK\GURJHQSKRVSKDWHGLK\GUDWH1D+32+2 0HUFN*HUPDQ\
6RGLXPGRGHF\OVXOIDWH6'6    0HUFN*HUPDQ\
6RGLXPK\GUR[LGH      0HUFN*HUPDQ\
7ULVK\GUR[\PHWK\ODPLQRPHWKDQH7ULV   5RWK*HUPDQ\
7ULWRQ; %RHKULQJHU0DQQKHLP*HUPDQ\
8UHD        5RWK*HUPDQ\
<HDVWW51$       5RFKH*HUPDQ\
1XFOHRWLGHV
>J3@$73&LPPROP&LPO    +DUWPDQQ$QDO\WLF*HUPDQ\
'HR[\ULERQXFOHRWLGHWULSKRVSKDWHVHWG173P0 5RFKH*HUPDQ\
P*SSS*FDSDQDORJXH     1HZ(QJODQG%LRODEV86$
¶>3@S&S&LPPROP&LPO   +DUWPDQQ$QDO\WLF*HUPDQ\
3&5',*ODEHOLQJPL[P0G173P0',*G773 5RFKH*HUPDQ\
5LERQXFOHRWLGHWULSKRVSKDWHVHW173P0  5RFKH*HUPDQ\




([SDQGUHYHUVHWUDQVFULSWDVH8PO   5RFKH*HUPDQ\
*67WDJJHGSQJPO 3URYLGHGE\-0HGHQEDFK	6
6FKUHLQHU-/8*LHHQ
+LVWDJJHGSQJPO     3URYLGHGE\66FKUHLQHU
        -/8*LHHQ
3URWHLQDVH.PJPO     5RFKH*HUPDQ\
5HVWULFWLRQHQGRQXFOHDVHV8PO    1HZ(QJODQG%LRODEV86$
51DVH+8PO      5RFKH*HUPDQ\
51DVH78PO      )HUPHQWDV/LWKXDQLD
5451DVHIUHH'1DVH8PO    3URPHJD86$
6KULPSDONDOLQHSKRVSKDWDVH6$38PO   1HZ(QJODQG%LRODEV86$
0DWHULDOVDQGPHWKRGV
6351$SRO\PHUDVH8PO    1HZ(QJODQG%LRODEV86$
6XSHU6FULSW,,UHYHUVHWUDQVFULSWDVH8PO  ,QYLWURJHQ86$
7'1$OLJDVH8PO     1HZ(QJODQG%LRODEV86$
7SRO\QXFOHRWLGHNLQDVH31.8PO   1HZ(QJODQG%LRODEV86$
751$OLJDVH8PO     1HZ(QJODQG%LRODEV86$
751$SRO\PHUDVH8PO    1HZ(QJODQG%LRODEV86$
7DT'1$SRO\PHUDVH8PO    3URPHJD86$






*HQH5XOHU'1$ODGGHUPL[     )HUPHQWDV/LWKXDQLD
3ODEHOHGS%5+SD,,IUDJPHQWV   VHH
SHT*ROGSURWHLQPDUNHU,9     3HT/DE*HUPDQ\
5DLQERZSURWHLQPROHFXODUZHLJKWPDUNHU531 $PHUVKDP8.
.LWV
4,$*(1SODVPLGPD[LNLW     4,$*(1*HUPDQ\
4,$SUHSVSLQPLQLSUHSNLW     4,$*(1*HUPDQ\
4,$TXLFNJHOH[WUDFWLRQNLW     4,$*(1*HUPDQ\
4,$TXLFNQXFOHRWLGHUHPRYDONLW    4,$*(1*HUPDQ\
72327$FORQLQJNLW      ,QYLWURJHQ86$
6LOYHUVWDLQNLW      %LR5DG86$
0DWHULDOVIRUEDFWHULDOFXOWXUH












62&PHGLXP       ,QYLWURJHQ86$
0DWHULDOVIRUPDPPDOLDQFHOOFXOWXUH
'XOEHFFR¶VPRGL¿HG(DJOH¶VPHGLXP'0(0  ,QYLWURJHQ86$
)HWDOFDOIVHUXP      ,QYLWURJHQ86$
2SWL0(0       ,QYLWURJHQ86$
[3KRVSKDWHEXIIHUHGVDOLQH3%6   ,QYLWURJHQ86$




S%5       1HZ(QJODQG%LRODEV86$
S(*)3)       &ORQWHFK86$
S&57232      ,QYLWURJHQ86$
S+,/PRGL¿HGS&09*67YHFWRU SURYLGHGE\$ULD%DQLDKPDG-/8
*LHVVHQ









-0KLJKFRPSHWHQWFHOOV     3URPHJD86$
723KLJKFRPSHWHQWFHOOV    ,QYLWURJHQ86$




$QWL*67JRDWLPPXQRJOREXOLQ    6LJPD86$
$QWLJRDW,PPXQRJOREXOLQ)OXRUHVFHLQ   6LJPD86$
$QWLJRDW,PPXQRJOREXOLQ3HUR[LGDVH   5RFKH*HUPDQ\
$QWL/DDXWRLPPXQHDQWLVHUXP    3URYLGHGE\&'&86$
$QWLKXPDQ,PPXQRJOREXOLQ3HUR[LGDVH %RHKULQJHU0DQQKHLP*HUPDQ\
$QWLPRXVH,PPXQRJOREXOLQ3HUR[LGDVH   5RFKH*HUPDQ\
$QWLSUDEELWDQWLVHUXP     (XURJHQWHF%HOJLXP
$QWLUDEELW,PPXQRJOREXOLQ)OXRUHVFHLQ   6LJPD86$
$QWLUDEELW,PPXQRJOREXOLQ3HUR[LGDVH %RHKULQJHU0DQQKHLP*HUPDQ\
$QWLJWXEXOLQPRQRFORQDODQWLERG\    6LJPD86$








8)   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85   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
8)   #4# ''# #44 44' '#4 !!' !4
85   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
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
8)   4'' 444 #4# 44# !'! 4#' #!4 !
85   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
0DWHULDOVDQGPHWKRGV
8)   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&RYHUVOLSV       5RWK*HUPDQ\
&63'FKHPLOXPLQHVFHQFHVXEVWUDWH    5RFKH*HUPDQ\
(&/:HVWHUQEORWWLQJGHWHFWLRQUHDJHQW531  $PHUVKDP8.
(SSHQGRUIWXEHPOPO    (SSHQGRUI*HUPDQ\
)DOFRQWXEHVPOPO     5RWK*HUPDQ\
)LOWHUPP      $PELRQ86$
*OXWDWKLRQH6HSKDURVH     $PHUVKDP8.
+H/DQXFOHDUH[WUDFW      &%LRWHFK%HOJLXP
+H/D6H[WUDFW      &%LRWHFK%HOJLXP
+\ERQG(&/QLWURFHOOXORVHPHPEUDQH   $PHUVKDP8.

1HXWUDYLGLQDJDURVH      3,(5&(86$
1LFNHOQLWULORWULDFHWLFDFLG1L17$DJDURVH  4,$*(1*HUPDQ\
2OLJRIHFWDPLQHUHDJHQW     ,QYLWURJHQ86$
3URWHLQ$6HSKDURVH      $PHUVKDP8.
5RWL1\ORQ3OXVPHPEUDQH     5RWK*HUPDQ\
6HSKDGH[*      3KDUPDFLD/.%6ZHGHQ
0HWKRGV
3UHSDUDWLRQRIWRWDO51$IURP+H/DQXFOHDURU6H[WUDFW







7KH51$SUHSDUDWLRQSURWRFRO GHVFULEHGKHUH LV DPRGL¿FDWLRQRI WKHPHWKRGGHYHORSHGE\
&KRPF]\QVNLDQG6DFFKL
+H/DFHOOVJURZQLQFPGLVKHVZHUHZDVKHGWKUHHWLPHVE\POLFHFROG[3%67KHFHOOV
ZHUH WKHQ O\VHGE\PORI IUHVKO\SUHSDUHGVROXWLRQ$5RWLSKHQRO0JXDQLGLQLXP
LVRWKLRF\DQDWH  P0 VRGLXP FLWUDWH S+  P0 VRGLXP DFHWDWH S+  P0










)RU WKH SXUSRVHV RI WKLV VWXG\ WKUHH SODVPLG FRQVWUXFWV QDPHG S&58DWDF1VL, S4(





























$OLTXRWV  PO RI WKH OLJDWLRQ UHDFWLRQV ZHUH WUDQVIRUPHG LQWR 723 RU -0 KLJK
FRPSHWHQWFHOOVDFFRUGLQJWRWKHPDQXIDFWXUHU¶VSURWRFRO7KHWUDQVIRUPHGFHOOVZHUHLQRFXODWHG
RQ/%SODWHVFRQWDLQLQJQJPODPSLFLOOLQ6LQJOHFHOOFRORQLHVZHUHSLFNHGXSDQGJURZQ






































































































































GLOXWHG  LQ EORFNLQJ VROXWLRQ $IWHU IRXU ZDVKHV ZLWK 3%67 WKH PHPEUDQH ZDV






3UHP51$ VSOLFLQJ LQ YLWUR ZDV GRQH LQ UHDFWLRQ FRQWDLQLQJ  PRFNGHSOHWHG RU S

























+H/D FHOOV ZHUH JURZQ LQ '0(0 VXSSOHPHQWHG ZLWK  )%6 7KH HYHQLQJ EHIRUH WKH
















ZHUH FKHFNHG DV LQWHUQDO FRQWURO 7KH EDVHSDLULQJ VWDWXV RI 8 8 8DWDF DQG 8DWDF

















































































































1,6 ,3&RQVLVWHQWZLWK WKHSUHYLRXV VWXGLHV DQWLSDQWLERGLHV EXWQRW WKHQRQLPPXQH
DQWLVHUXP HI¿FLHQWO\ SUHFLSLWDWHG ERWK 8 DQG8 VQ51$V ,Q FRQWUDVW QR VLJQDOV IRU 8
8 QRU8 VQ51$ZHUH GHWHFWDEOH8DWDF VQ51$




6LPLODU FRLPPXQRSUHFLSLWDWLRQ DVVD\V ZHUH FDUULHG
RXWIURP+H/D6H[WUDFWZLWKWKHRQO\GLIIHUHQFH
WKDW WKH 51$V ZHUH GHWHFWHG E\ SULPHU H[WHQVLRQ
LQVWHDG RI 1RUWKHUQ ,W JDYH HVVHQWLDOO\ WKH VDPH
UHVXOWV )LJXUH  8 8 DQG 8DWDF VQ51$V
ZHUHDVVRFLDWHGZLWKSFRPSDUHODQHVDQG
DQGDQGEXWRQO\WUDFHDPRXQWVRI8DWDF
VQ51$ FRLPPXQRSUHFLSLWDWHG ZLWK S FRPSDUH
ODQHVDQG
7KHUHIRUH LQ FRQWUDVW WR8 DQG8 VQ51$VRI WKH
PDMRUVSOLFHRVRPHSLVSULPDULO\DVVRFLDWHGZLWK





















































:LOGW\SH8DQG8DWDF VQ51$VGHULYDWLYHV FRQWDLQLQJ LQWHUQDO UHJLRQVRI8 DVZHOO DV
WKH¶WHUPLQDOVWHPORRSRI8DWDF8DWDFDQGWKH¶WHUPLQDOQXFOHRWLGHVZHUH
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)LJXUH  +XPDQ S
SURWHLQ LV D FRPSRQHQW
RI WKH 8DWDF VQ513 EXW
QRW RI WKH 8DWDF8DWDF
GLVQ513 LQ +H/D 6
H[WUDFW
,PPXQRSUHFLSLWDWLRQV ZHUH
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DQG WZR ¶ DQG ¶ WUXQFDWLRQV RI8DWDF DV LQGLFDWHG DERYH WKH ODQHV VHH SDQHO%ZHUH LQFXEDWHG
















































































































































































































































































































































































































































































LQSDUDOOHO RQ WKH VDPHJHO7KHSRVLWLRQVRI WKHJXDQRVLQHQXFOHRWLGHVGHWHUPLQHGE\ WKH51DVH7










SUHVHQW LQ88EXWQRW LQ8DWDF8DWDFVQ5137R LQYHVWLJDWH WKLV LQWHUHVWLQJGLIIHUHQFH
IXUWKHU S51$ ELQGLQJ ZDV DVVD\HG E\ QDWLYH JHO HOHFWURSKRUHVLV WLWUDWLQJ IRU HDFK
51$ELQGLQJ VXEVWUDWH WKH S FRQFHQWUDWLRQ PRODU H[FHVV LQGLFDWHG DERYH WKH ODQHV DQG
GHWHUPLQLQJWKHDSSDUHQWGLVVRFLDWLRQFRQVWDQW.')LJXUH
,QLWLDOO\ ELQGLQJ RI S WR 8 DQG 8DWDF VQ51$ ZDV FRPSDUHG )LJXUH  SDQHO$





1H[W WKH VLQJXODU8DQG8DWDF VQ51$VZHUHGLUHFWO\ FRPSDUHGZLWK WKHLU FRUUHVSRQGLQJ
VQ51$ GXSOH[HV 88 DQG 8DWDF8DWDF LQ WHUPV RI WKHLU DI¿QLW\ WR S SURWHLQ LQ
DGGLWLRQ S ELQGLQJ WR 8 DQG8DWDF VQ51$VZDV DVVD\HG )LJXUH  SDQHOV % DQG
&3ODEHOHGLQYLWURWUDQVFULEHG51$VZHUHLQFXEDWHGLQWKHDEVHQFHRIRUZLWKLQFUHDVLQJ
DPRXQWVRIUHFRPELQDQWSSURWHLQIROORZHGE\QDWLYHJHOHOHFWURSKRUHVLV7KH88DQG





LQWUDPROHFXODUEDVHSDLULQJVHHDOVR0RXJLQHWDO2QO\ WKLVZD\ LWZDVSRVVLEOH WR
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ZHUH GHULYHG IURP  LQGHSHQGHQW H[SHULPHQWV 1 QXPEHU RI H[SHULPHQWV7KH VLJQDOV DERYH WKH
PDUNHGFRPSOH[HVDUHPRVWO\GXHWRPDWHULDOWKDWKDGQRWHQWHUHGWKHJHO
$%LQGLQJ WR VLQJXODU8 DQG8DWDF VQ51$ 3ODEHOHG8 DQG8DWDF VQ51$VZHUH LQFXEDWHG



















RI VLQJXODU 8 DQG 88




UHJLRQ LQGLFDWHG E\ RSHQ OLQHV
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IURP  WR  Q0 PRVW OLNHO\ UHÀHFWLQJ WKH H[WHQVLYH VWUXFWXUDO DOWHUDWLRQ LQWURGXFHG
E\ ROLJRQXFOHRWLGH ELQGLQJ VHH VFKHPDWLF )LJXUH  +RZHYHU WKHUH ZDV QR VLJQL¿FDQW








$QRWKHUSRVVLEOHH[SODQDWLRQ LV WKDW8DWDF8DWDFVQ513FRPSULVHVDPLQRUSRUWLRQRI WKH
FRPSOH[FRQWDLQLQJ8DWDFVQ51$PRVWRIZKLFKVKRXOGWKHQEHSUHVHQWLQVLQJXODU8DWDF
DQG8DWDF8DWDF8 VQ513V 7R H[DPLQH WKDW SRVVLELOLW\ WKH VSOLFHRVRPDO VQ513VZHUH
IUDFWLRQDWHGWKURXJKJO\FHUROJUDGLHQW51$ZDVSUHSDUHGIURPWKHRGGIUDFWLRQVDQG
DQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJZLWKDPL[HGSUREHGHWHFWLQJ









E\ GHQDWXULQJ JHO HOHFWURSKRUHVLV DQG 1RUWKHUQ EORW DV DERYH )LJXUH  7HQ SHUFHQW








































+H/DQXFOHDUH[WUDFWZDV IUDFWLRQDWHG WKURXJKDJO\FHUROJUDGLHQW51$ZDVSUHSDUHG IURP






7DNHQ WRJHWKHU WKH H[SHULPHQWV VKRZQ
RQ )LJXUHV  DQG  UHYHDO WKDW
WKHUH LVDSURIRXQGGLIIHUHQFH LQ WKHUHODWLYH
DEXQGDQFHVRIPDMRUDQGPLQRUVSOLFHRVRPDO
VQ513V %RWK 88 DQG 8DWDF8DWDF
KHWHURGXSOH[HV DUH HI¿FLHQWO\ IRUPHG VLQFH WKHUH LV QR VLJQL¿FDQW IUDFWLRQ RI VLQJXODU 8
8DWDFVQ513GHWHFWHG+RZHYHUWKHSUHGRPLQDQWSDUWRI88H[LVWVLQDFRPSOH[HLWKHU





















































)LJXUH  S LV DVVRFLDWHG SULPDULO\
ZLWK88 VQ513 JUDGLHQW IUDFWLRQ 
DQGZLWK8DWDFVQ513JUDGLHQWIUDFWLRQ

,PPXQRSUHFLSLWDWLRQV ZHUH FDUULHG RXW IURP
JO\FHURO JUDGLHQW IUDFWLRQV     
DQG  FRQWDLQLQJ WKH SHDNV RI 8 8DWDF
88 8DWDF8DWDF 888 DQG 8DWDF
8DWDF8 VQ513V VHH )LJXUH  51$V
SUHSDUHGIURPRI WKH LQSXWV ODQHV,
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)LJXUH $GGLWLRQ RI UHFRPELQDQW S WR GHSOHWHG QXFOHDU H[WUDFW VWLPXODWHV8
GHSHQGHQWLQYLWURVSOLFLQJZLWKH[FHVVRISUHP51$
,QYLWURVSOLFLQJRI3ODEHOHG6&1$(1+SUHP51$OHIWSDUWQJSHUPOUHDFWLRQULJKWSDUW
 QJ SHU PO UHDFWLRQ 6&1$(1+ SUHP51$ZDV LQFXEDWHG LQ SGHSOHWHG QXFOHDU H[WUDFW
1('SZLWKRXWDQGZLWKQJFRPSOHPHQWLQJUHFRPELQDQWSSURWHLQSHUPOUHDFWLRQDVZHOO













DQG IUDFWLRQDWH DFFRUGLQJ WR WKHLU GHQVLW\ ZKLFK LV GHWHUPLQHG E\ WKHLU 51$SURWHLQ UDWLR
/HOD\7DKDHWDO7KHODUJHU8DWDF8DWDF8FRPSOH[HVDQGVSOLFHRVRPHVGLVVRFLDWH
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IRU WKH DEXQGDQFH RI IUHH 8DWDF EDVHSDLUHG 8DWDF8DWDF DQG IUHH 8DWDF VQ513V
UHVSHFWLYHO\
,QWHUHVWLQJO\ WKHUH LV DPLQRU8DWDF IRUPZKLFK KDG EHHQ QRWHG SUHYLRXVO\ E\ 7DUQ DQG
6WHLW]DQGZKLFKLVVOLJKWO\VKRUWHQHGDWWKH¶HQG)LJXUHVHHPLQRUEDQGPDUNHG
E\DUURZ0RVWRI WKLV¶VKRUWHQHG8DWDFRFFXUV LQ IUDFWLRQZKHUHQR8DWDF VQ51$
FRXOGEHGHWHFWHGDQGYHU\OLWWOHLVSUHVHQWLQWKHGLVQ513IRUP$OLNHO\LQWHUSUHWDWLRQRIWKLV
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DQG SGHSOHWHG QXFOHDU H[WUDFW 1('S ZHUH DQDO\]HG DIWHU D KRXU VSOLFLQJ UHDFWLRQ ZLWK




















GLVWULEXWLRQV ZHUH UHYHUVHG LQ D FRQFHQWUDWLRQGHSHQGHQW PDQQHU )LJXUH  SDQHO SRVW
VSOLFLQJ$OUHDG\WKHDGGLWLRQRIQJSSURWHLQIXOO\UHVWRUHGWKHGLVWULEXWLRQREVHUYHGLQ
PRFNGHSOHWHGH[WUDFW
7KLV GHPRQVWUDWHV WKDW S IXQFWLRQV DV D 8DWDF8DWDF VQ513 UHF\FOLQJ IDFWRU DQG LV
UHVSRQVLEOHIRUWKHUHJHQHUDWLRQRIEDVHSDLUHG8DWDF8DWDFVQ513VIURPSRVWVSOLFHRVRPDO
IUHH8DWDFDQG8DWDFVQ513V




IUDFWLRQDWLRQ 0RFNGHSOHWHG SGHSOHWHG H[WUDFW DQG GHSOHWHG H[WUDFW FRPSOHPHQWHG
ZLWKQJUHFRPELQDQWSZHUHLQFXEDWHGXQGHUUHF\FOLQJFRQGLWLRQVDVGHVFULEHGDERYH






















,QWHUHVWLQJO\ D SDUWLDO GLVUXSWLRQ RI8DWDF8DWDF VQ513 DQG DFFXPXODWLRQ RI IUHH8DWDF
DQG8DWDFVQ513VZDVIRXQGLQSGHSOHWHGH[WUDFW LQFXEDWHGXQGHUVSOLFLQJFRQGLWLRQV
HYHQ ZLWKRXW WKH DGGLWLRQ RI 6&1$(1+ SUHP51$ )LJXUH  SDQHO $73 SUH
P51$+RZHYHUZKHQLQFXEDWHGLQWKHSUHVHQFHRIQJ6&1$(1+SUHP51$SHU





7KHUH DUH  WZR SRVVLEOH H[SODQDWLRQV IRU WKLV SKHQRPHQRQ )LUVW HQGRJHQRXV SUHP51$V
FRQWDLQLQJ8W\SHLQWURQVPLJKWH[LVWLQWKHQXFOHDUH[WUDFWVHFRQGWKHUHPLJKWEHDVSOLFLQJ
LQGHSHQGHQWGLVUXSWLRQRI8DWDF8DWDFGLPHU LQ WKHSUHVHQFHRI$73 ,QSULQFLSOH WKH¿UVW
SRVVLELOLW\FDQQRWUXOHGRXWEXWLVPXFKOHVVOLNHO\WKDQWKHVHFRQGRQHVLQFHHYHQLIWKHVHSUH
P51$VDUHSUHVHQWWKH\ZRXOGEHLQH[WUHPHO\ORZOHYHOVLQVXI¿FLHQWWRSURPRWHVLJQL¿FDQW












VQ513V LV HQKDQFHG E\
VSOLFLQJLQYLWUR
SGHSOHWHG QXFOHDU H[WUDFW
1('S ZDV LQFXEDWHG IRU 
KRXUV XQGHU VSOLFLQJ FRQGLWLRQV
SDQHO $73 SUHP51$ DV
ZHOO DV LQ WKH DEVHQFH RI $73
SDQHO $73 SUHP51$ RU
LQ WKH DEVHQFH RI 6&1$(1+
SUHP51$ SDQHO $73 SUH
P51$ 7KH GLVWULEXWLRQ RI WKH
8DWDF8DWDF GLVQ513 DQG RI
WKH VLQJXODU 8DWDF DQG 8DWDF
VQ513VZDVGHWHUPLQHGE\&V&OJUDGLHQWFHQWULIXJDWLRQ51$ZDVSUHSDUHGIURPIUDFWLRQVWRWRS
WRERWWRPDVLQGLFDWHGDWWKHWRSDQGDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJ




























ZHUH WUDQVIHFWHGZLWK DQ VL51$ROLJRQXFOHRWLGHGLPHU $. VL51$ WDUJHWHG DJDLQVW
WKH&'6RISP51$7KHFHOOVZHUHKDUYHVWHGDQGKRXUVDIWHUWUDQVIHFWLRQDQG
O\VHGLQWKHSUHVHQFHRI7ULWRQ;SOHYHOVLQWKHO\VDWHVRIWUDQVIHFWHGDQGPRFN
WUDQVIHFWHG FHOOVZKHUH QR VL51$ROLJRQXFOHRWLGH GLPHU KDG EHHQ DGGHGZHUH DQDO\]HG E\
:HVWHUQ EORWWLQJ )LJXUH  SZDV UHGXFHG WR RI WKH FRQWURO OHYHOV DOUHDG\ 
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)LJXUH  7KH 88 VQ513 LV GLVUXSWHG LQ SGHSOHWHG H[WUDFW LQGHSHQGHQW RI
VSOLFLQJ
0RFNGHSOHWHG SDQHO 1('PRFN DQG SGHSOHWHG H[WUDFWV SDQHO 1('S ZHUH LQFXEDWHG IRU
PLQZLWK8 '1$ROLJRQXFOHRWLGH DQG WKHQ IRU  KRXUV XQGHU UHF\FOLQJ FRQGLWLRQVZLWK
















+H/D FHOOV ZHUH WUDQVIHFWHG ZLWK DQ VL51$
ROLJRQXFOHRWLGH GLPHU $. VL51$
WDUJHWHG DJDLQVW S P51$ 7KH WUDQVIHFWHG
FHOOV ZHUH KDUYHVWHG   DQG  KRXUV
DIWHU WUDQVIHFWLRQ PRFNWUDQVIHFWHG FHOOV ZHUH











7KH EDVHSDLULQJ VWDWXV RI 8 8 8DWDF DQG8DWDF VQ51$ZDV VWXGLHG  KRXUV SRVW
WUDQVIHFWLRQ/\VDWHV SUHSDUHG IURPSNQRFNGRZQ FHOOV DVZHOO DV IURPPRFNWUDQVIHFWHG
FHOOV ZHUH IUDFWLRQDWHG RQ &V&O JUDGLHQWV WHQ IUDFWLRQV ZHUH FROOHFWHG IURP WRS WR ERWWRP
WKH SHOOHWZDV UHFRYHUHG DVZHOO DQG WKH VQ51$GLVWULEXWLRQZDV GHWHUPLQHG E\ GHQDWXULQJ
JHOHOHFWURSKRUHVLVDQG1RUWKHUQEORW )LJXUH1RVLJQL¿FDQWGLIIHUHQFH LQ WKH UHODWLYH
DPRXQWVRI88VQ513EHWZHHQWUDQVIHFWHGDQGPRFNWUDQVIHFWHGFHOOVZDVREVHUYHGWRS
SDQHO6LPLODUO\8DWDFDQG8DWDFEDVHSDLULQJVWDWXVZDVQRWVLJQL¿FDQWO\DOWHUHGE\S






QRW PHGLDWHG E\ S 7KH JURZWKLQKLELWLRQ SKHQRW\SH REVHUYHG DIWHU SNQRFNGRZQ
VXJJHVWVIXUWKHUWKDWSPD\KDYHRWKHUIXQFWLRQVLQDGGLWLRQWRUHF\FOLQJ
  	 
          	 


































$V LW KDV EHHQ VKRZQ LQ VHFWLRQ  SRVWVSOLFHRVRPDO8 DQG8DWDF VQ513V DFFXPXODWH
LQSGHSOHWHG+H/DQXFOHDUH[WUDFWDIWHULQFXEDWLRQXQGHUVSOLFLQJFRQGLWLRQV7KHSURWHLQ
FRPSRQHQWVRIWKHVHFRPSOH[HVKDYHQRWEHHQFKDUDFWHUL]HGXQWLOQRZ
7R FROOHFW DGGLWLRQDO LQIRUPDWLRQ DERXW WKH SRVWVSOLFHRVRPDO VQ513V SGHSOHWHG H[WUDFW






FRPSDUH SDQHOV 1( 'S DQG 1( 'S SRVWVSOLFLQJ %HIRUH LQFXEDWLRQ 8 88
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VQ513 FRPSOH[HV IURP SGHSOHWHG H[WUDFW LQFXEDWHG IRU RQH KRXU ZLWK0LQ[ SUHP51$ XQGHU
UHF\FOLQJ FRQGLWLRQV SDQHO 1('S SRVWVSOLFLQJ ZHUH IUDFWLRQDWHG WKURXJK D   JO\FHURO
JUDGLHQW &RQWURO IUDFWLRQDWLRQ RI VQ513V IURP SGHSOHWHG H[WUDFW QRW LQFXEDWHG XQGHU VSOLFLQJ
FRQGLWLRQVZDVFDUULHGRXWLQSDUDOOHOSDQHO1('S51$ZDVSUHSDUHGIURPWKHRGGIUDFWLRQVSOXV











SXUL¿FDWLRQ HI¿FLHQF\ WKHPDWHULDO GHULYHG IURP WKH JUDGLHQW ZDV SDVVHG WZLFH WKURXJK WKH













































0LQ[ SUHP51$ZDV IUDFWLRQDWHG WKURXJK D JO\FHURO JUDGLHQW
*UDGLHQWIUDFWLRQVWRFRQWDLQLQJWKHVLQJXODU8VQ513ZHUHORDGHG
RQDQ+6HSKDURVHFROXPQ7KHÀRZWKURXJKZDVORDGHGRQWKHFROXPQ























































DJDURVH EHDGVZDVKHG DQG HOXWHG XQGHU GHQDWXULQJ FRQGLWLRQV
51$ ZDV SUHSDUHG IURP  RI WKH SRROHG IUDFWLRQV EHIRUH























8VQ513VOHDNVRXWRI WKHQXFOHLGXULQJH[WUDFWSUHSDUDWLRQ7KLV OHDNHGIUDFWLRQRI WKH8
VQ513PLJKWEHSUHVHQWLQF\WRSODVPLFH[WUDFWVVXFKDV6
7KH8VQ513IURP6H[WUDFWZDVDI¿QLW\VHOHFWHGE\DELRWLQ\ODWHG51$ROLJRQXFOHRWLGH
8ELR WKDW ELQGV FORVH WR WKH ¶ HQG RI8 VQ51$7KDW UHJLRQ LV SDUW RI D ODUJH
LUUHJXODUVWHPORRSDQGWKHUHIRUHWKHDQQHDOLQJRIWKHDQWLVHQVHROLJRQXFOHRWLGHVKRXOGGLVUXSW
LW DW OHDVW SDUWLDOO\ 7KHUH LV DOVR D VPDOO DPRXQW RI 88 VQ513 LQ +H/D 6 H[WUDFW
7KH DQWLVHQVH ROLJRQXFOHRWLGH VKRXOG WKHQ EH DEOH WR FRVHOHFW88 VQ513PRUHRYHU WKH
FRUUHVSRQGLQJUHJLRQRI8VQ51$RFFXUV LQDVLQJOHVWUDQGHGIRUPDFFRUGLQJWR WKH88


























































7KHSURWHLQ FRPSRQHQWV RI WKH VHOHFWHG VQ513VZHUH
VHSDUDWHG E\ 6'63$*( DQG VWDLQHG E\ &RRPDVVLH
EULOOLDQW EOXH )LJXUH  SDQHO % 7KH SURWHLQ
SUR¿OHV RI WKH VHOHFWHG VQ513V IURP6'8 DQG 6 H[WUDFWVZHUH HVVHQWLDOO\ LGHQWLFDO
FRPSDUHODQHVDQG7ZRSURWHLQEDQGVDSSHDUHGVSHFL¿FDOO\LQWKHVHOHFWHGEXWQRWLQWKH
PRFNVHOHFWHGPDWHULDOFRPSDUHODQHVDQGDQG7KHORZHURQHLQGLFDWHGE\DQRSHQ











6'8 DV ZHOO DV IURP 6 H[WUDFWV SDQHO % 7KH < PRQRFORQDO DQWLERG\ ZKLFK
UHFRJQL]HVSULPDULO\WKH6P%%¶DQGOHVVHI¿FLHQWO\6P'SURWHLQVJDYHDZHDNSRVLWLYHVLJQDO




FHOOV FRQWDLQVDQRSHQ UHDGLQJ IUDPHFRQVLVWLQJRIDPLQRDFLGV 2WDHWDO )RXU
SHSWLGHV LGHQWL¿HG E\ PDVVVSHFWURPHWULF DQDO\VLV RI WKH  N'DEDQG PDSSHG WR WKH




















+H/D 6 H[WUDFW ZDV LQFXEDWHG ZLWK 51DVH + LQ WKH













WDJJHG S LQ+(. FHOOV7KH&'6 RI SP51$ZDV FORQHG LQWR S+,/ YHFWRUZKLFK
EHDUVD&09SURPRWHUDQGDQ1WHUPLQDO*67WDJ7KH*67SIXVLRQSURWHLQZDVH[SUHVVHG
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% 7KH SURWHLQ FRPSRQHQWV RI WKH HOXWHG VQ513V ZHUH VHSDUDWHG E\ 6'63$*( ZLWK D 
SRO\DFU\ODPLGHJUDGLHQWJHODQG&RRPDVVLHVWDLQHG/DQHVDQGFRUUHVSRQGWRODQHVDQG
VKRZQLQ$,QSXW6H[WUDFW6ODQHPROHFXODUZHLJKWPDUNHUODQHV0DQGUHFRPELQDQW





GHWHUPLQHGKRXUVDIWHU WUDQVIHFWLRQE\ LQGLUHFW LQVLWX LPPXQRÀXRUHVFHQFHZLWKDQWL*67
















































































































DQG KDUYHVWHG DIWHU  KRXUV &HOOXODU H[WUDFWV FRQWDLQLQJ ERWK F\WRSODVPLF DQG QXFOHDU





























































































































    	 











































    	 
     
5HVXOWV





























































































































































































































































































         





























































$IWHU KHWHURGXSOH[ IRUPDWLRQ WKH VHFRQGDU\ VWUXFWXUHV RI KXPDQ 88 8DWDF8DWDF




EHHQ IRXQG WKDW WKHDI¿QLW\RI3US IRU\HDVW88KHWHURGXSOH[ LVIROGKLJKHU WKDQ IRU
WKH VLQJXODU8 VQ51$ *KHWWLHW DO 7KH VDPH DXWKRUV DOVR UHSRUWHG WKDW WKH3US



































8 VQ513 LV LQYHU\ ODUJH H[FHVVRYHU8DWDF8DWDFEXWQRWRYHU88 VQ513 WKXV8
PD\ DVVRFLDWH HI¿FLHQWO\ ZLWK WKH PLQRU GLVQ513 UHGXFLQJ LWV VWHDG\VWDWH OHYHOV 7R WHVW










DUHPXWXDOO\ HQKDQFHG1H[W WKH GLVQ513V DUH UHVWRUHG YLD DPHFKDQLVPQRW \HW FODUL¿HG
LQYROYLQJDVVRFLDWLRQRI8DQG8DWDFVQ513VUHVSHFWLYHO\DQGIRUPDWLRQRILQWHUPROHFXODU
VWHPV,DQG,,7KHWULVQ513VDUHVXEVHTXHQWO\EXLOWXSIURPGLVQ513VDQG8VQ513$QWL
S LPPXQRSUHFLSLWDWLRQIURPJUDGLHQW IUDFWLRQV UHYHDOHG WKDWDFRQVLGHUDEOHSRUWLRQRI WKH



















1RWDEO\ WKHPLQRUGL DQG WULVQ513VGLGQRW FRIUDFWLRQDWHZLWK WKHLU FRUUHVSRQGLQJPDMRU






7KH UROH RI S IRU8DWDF8DWDF VQ513 UHF\FOLQJZDV VWXGLHG XQGHU VSOLFLQJ FRQGLWLRQV
LQYLWUR)LUVW WKHHIIHFWRISGHSOHWLRQRQ8GHSHQGHQWVSOLFLQJ LQYLWURZDV WHVWHG$W
QRUPDO VXEVWUDWH FRQFHQWUDWLRQ  QJ SHU POUHDFWLRQ WKHUHZDV OLWWOH GLIIHUHQFH EHWZHHQ




LPSRUWDQW IRU VSOLFLQJ RQO\ZLWK DQ H[FHVV RI SUHP51$ SUHVXPDEO\ EHFDXVH WKH UHF\FOLQJ
VWDJHRIWKHVSOLFHRVRPHF\FOHEHFRPHVOLPLWLQJIRU8GHSHQGHQWVSOLFLQJ(YHQXQGHUWKHVH















































88 UHF\FOLQJ VHH VFKHPDWLF)LJXUH7KH VQ513V DFFXPXODWHG DIWHU LQFXEDWLRQRI
SGHSOHWHGRUPRFNGHSOHWHGQXFOHDU H[WUDFW XQGHU UHF\FOLQJ FRQGLWLRQV VHH DERYHZHUH
IUDFWLRQDWHGWKURXJK&V&OJUDGLHQWDQGDQDO\]HGE\1RUWKHUQK\EULGL]DWLRQ7KHUHVXOWRI WKH









HVWLPDWHG WR DSSUR[LPDWHO\  N'D$VVXPLQJ WKDW WKH SURWHLQ FRPSRVLWLRQ RI WKH8DWDF
8DWDFVQ513LVVLPLODUWRWKDWRI88VQ513WKHPRVWOLNHO\LQWHUSUHWDWLRQRIWKLVUHVXOW
LV WKDWRQO\ WKHVHYHQFDQRQLFDO6PSRO\SHSWLGHV aN'DDQGSRVVLEO\ WKH.SURWHLQ



















7R LQYHVWLJDWH WKH UROH RI S LQ YLYR WKLV SURWHLQ ZDV GHSOHWHG LQ +H/D FHOOV E\ 51$L
NQRFNGRZQ S ZDV UHGXFHG WR  RI WKH FRQWURO OHYHOV )LJXUH  ZKLFK UHVXOWHG
LQ VSHFL¿F LQKLELWLRQ RI FHOO JURZWK DQG GHFUHDVHG FHOO YLDELOLW\  KRXUV DIWHU WUDQVIHFWLRQ
+RZHYHU WKHGLVWULEXWLRQRI VLQJXODU8DQG8VQ513VRI88GLVQ513DVZHOO DVRI
WKHLUPLQRUVSOLFHRVRPDOFRXQWHUSDUWVZDVQRWGHWHFWDEO\DOWHUHGDIWHUSNQRFNGRZQ)LJXUH




,W KDV EHHQ VKRZQ WKDW SRVWVSOLFHRVRPDO8 %HOOHW DO  DQG8DWDF VQ513V )LJXUH
 DFFXPXODWHG LQ SGHSOHWHG H[WUDFW LQFXEDWHG XQGHU 8 DQG 8GHSHQGHQW
UHF\FOLQJ FRQGLWLRQV UHVSHFWLYHO\ ,Q H[WUDFW FRQWDLQLQJ HQGRJHQRXV OHYHOV RI S WKHVH
VQ513VZHUHHI¿FLHQWO\FRQYHUWHGEDFNWRGLVQ513VDQGZHUHQHYHUDYDLODEOHIRUSXUL¿FDWLRQ
DQG FKDUDFWHUL]DWLRQ XQWLO QRZ8DWDF RFFXUV LQ DPXFK ORZHU DEXQGDQFH WKDQ8 VQ51$
WKHUHIRUH WKHSXUL¿FDWLRQRI WKHSRVWVSOLFHRVRPDO8DWDFVQ513 LVQRWD UHDOLVWLFJRDODW WKH
PRPHQW 7KHUHIRUH WKH DWWHQWLRQ ZDV IRFXVHG RQ WKH 8 VQ513$W ¿UVW WKH VHGLPHQWDWLRQ
RI SRVWVSOLFHRVRPDO 8 VQ513 ZDV GHWHUPLQHG E\ JO\FHURO JUDGLHQW IUDFWLRQDWLRQ XQGHU







LPPXQRDI¿QLW\ FKURPDWRJUDSK\ )LJXUH  DQG E\ DI¿QLW\ VHOHFWLRQ XVLQJ DQ DQWLVHQVH
ELRWLQ\ODWHG ¶2PHWK\ODWHG 51$ ROLJRQXFOHRWLGH )LJXUH  +RZHYHU XQWLO QRZ WKH




,WKDVEHHQVKRZQ WKDW8GHSHQGHQW VSOLFLQJZDV IXOO\ LQKLELWHG LQH[WUDFWV LQFXEDWHGZLWK
8DQWLVHQVH'1$ROLJRQXFOHRWLGH)LJXUHSDQHO0LQ[SUHP51$7KHROLJRQXFOHRWLGH







LQGHSHQGHQWO\ RI VSOLFLQJ 3UHYLRXV VWXGLHV UHYHDOHG WKDW ERWK KXPDQ DQG \HDVW WULVQ513
FRPSOH[HVDUHXQVWDEOHLQWKHSUHVHQFHRI$737KHUHOHDVHRI8ZLWKLQWKHVSOLFHRVRPDO%
FRPSOH[LVSURPRWHGE\WKH$73GHSHQGHQW51$KHOLFDVH8.\HDVW%UU/DJJHUEDXHU





DOVR RFFXUV ZLWK WKDW FRPSOH[ :KHQ SGHSHWHG H[WUDFW ZDV LQFXEDWHG XQGHU UHF\FOLQJ
FRQGLWLRQV LQ WKH DEVHQFH RI 6&1$(1+ SUHP51$ D SDUWLDO DFFXPXODWLRQ RI VLQJXODU
8DWDFDQG8DWDF VQ513VZDVREVHUYHG )LJXUH FRPSDUHPLGGOHDQG ULJKWSDUWV ,W
LVQRWOLNHO\WKDWWKLVDFFXPXODWLRQLVGXHWRVSOLFLQJRIHQGRJHQRXV8W\SHSUHP51$DV




















)LJXUH  6SOLFLQJGHSHQGHQW DQG VSOLFLQJLQGHSHQGHQW GLVUXSWLRQ RI WULVQ513
FRPSOH[HV




























$I¿QLW\ VHOHFWLRQ XVLQJ DQ DQWLVHQVH ¶2PHWK\ODWHG ELRWLQ\ODWHG51$ROLJRQXFOHRWLGHZDV
HPSOR\HGWRSXULI\DQGFKDUDFWHUL]HWKH8VQ513IURP6H[WUDFW6HYHUDOROLJRQXFOHRWLGHV
ZHUH WHVWHGDQGRQH WKDWDQQHDOVFORVH WR WKH¶HQGRI8ZDVFKRVHQ VLQFH LW VHOHFWHG8
VQ513 HI¿FLHQWO\ VHH VFKHPDWLF )LJXUH  ZLWK RQO\ PLQRU FRQWDPLQDWLRQ RI 88
VQ513 )LJXUHSDQHO$7KH FRVHOHFWHG88 VQ513ZDV HOLPLQDWHGE\ DQWLVHQVH
'1$ ROLJRQXFOHRWLGHPHGLDWHG 51DVH + FOHDYDJH RI 8 )LJXUH  ,QWHUHVWLQJO\ WKH




















$ *67S IXVLRQ SURWHLQ WUDQVLHQWO\ H[SUHVVHG LQ +(. FHOOV ZDV ORFDOL]HG WR WKH


















































































































































































































































































































































































































































































































































































,DPJUDWHIXODOVR WRRXU ODEFUHZ6LONH6FKUHLQHU=VR¿D3DO¿ -LQJ\L+XL -DQ0HGHQEDFK
/HH+VXHK+XQJDQG3LQJSLQJ:DQJDVZHOODVWRWKHIRUPHUFROOHDJXHV0DWKLDV%HOO6WHSKDQ




, ZLVK WR WKDQN RXU FROODERUDWRUV 3HWHU 6WRLORY DQG 6WHIDQ 6WDPP IURP WKH 8QLYHUVLW\ RI
(UODQJHQ6WHSKDQLH1RWWURWWDQG5HLQKDUG/KUPDQQIURP0D[3ODQFN,QVWLWXWHRI%LRSK\VLFDO
&KHPLVWU\ *|WWLQJHQ 'DYLG 6WDQHN DQG .DUOD 1HXJHEDXHU IURP 0D[ 3ODQFN ,QVWLWXWH RI
0ROHFXODU &HOO %LRORJ\ DQG *HQHWLFV 'UHVGHQ IRU SURYLGLQJ DQWLERGLHV IRU VKDULQJ WKHLU
H[SHULHQFHDQGIRUWKHKHOSIXOGLVFXVVLRQ
6SHFLDOWKDQNVDOVRWR3URI5DLQHU5HQNDZLW]IRUUHYLHZLQJWKLVWKHVLV
/LVWRISXEOLFDWLRQV
3DUWRIWKLVZRUNLVSXEOLVKHGLQWKHIROORZLQJSDSHUV
'DPLDQRY$6FKUHLQHU6DQG%LQGHUHLI$5HF\FOLQJRIWKH8W\SHVSOLFHRVRPH
UHTXLUHVSDFRPSRQHQWRIWKH8DWDFVQ5130RO&HOO%LRO
%HOO06FKUHLQHU6'DPLDQRY$5HGG\5DQG%LQGHUHLI$SDQRYHOKXPDQ
8VQ513SURWHLQDQG88VQ513UHF\FOLQJIDFWRU(0%2-
(UNOlUXQJ
+LHUPLWHUNOlUHLFKGDLFKGLHYRUOLHJHQGH$UEHLWVHOEVWlQGLJGXUFKJHIKUWXQG
NHLQHDQGHUHQDOVGLHDQJHJHEHQHQ4XHOOHQXQG+LOIVPLWWHOYHUZHQGHWKDEH
*LHHQGHQ
$QGUH\'DPLDQRY
